FRONTISPIECE. Bicknell’'s Thrush (Catharus bicknelli) in its favored high-elevation, coniferous-forest habitat
in the northeastern United States. Lambert et al. mapped the distribution of Bicknell’s Thrush based on their
model that predicts presence above an elevation threshold that decreases with increasing latitude. Original
painting (acrylic and gouache) by Barry Kent MacKay.
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ABSTRACT.—Bicknell’s Thrush (Catharus bicknelli) is a rare habitat specialist that breeds in dense balsam
fir (Abies balsamea) and red spruce (Picea rubens) forests at high elevations in the northeastern United States.
Ongoing and projected loss of this forest type has led to increased demand for information on the species’ status
throughout the region. We used €elevation, latitude, and forest type to construct a model of Bicknell’s Thrush
distribution in New York, Vermont, New Hampshire, and Maine. The model predicts the species to be present
in conifer-dominated forests above an elevation threshold that descends with increasing latitude. The slope of
the threshold (—81.63 m/1° latitude) reflects climatic effects on forest composition and structure. The distribution
model encompasses 136,250 ha of montane forest, including extensive areas of the White Mountains in New
Hampshire and Adirondack Mountains in New York. To test model performance, we conducted point count and
playback surveys along 1-km routes established in conifer forests above and below the threshold. The model
accurately predicted the presence or presumed absence of Bicknell’s Thrush on 61 of 72 routes (84.7%). When
areas within 50 vertical m of the threshold were excluded, accuracy improved to 98.1%. The distribution model
is apractical tool for conservation planning at local and regional levels. Potential applications include projecting
effects of climate change on Bicknell’s Thrush distribution, assessing risks of habitat alteration, and setting

priorities for conservation and management. Received 9 February 2004, accepted 20 December 2004.

Bicknell’s Thrush (Catharus bicknelli),
once considered a subspecies of Gray-cheeked
Thrush (C. minimus), gained full species sta-
tus in 1995 (American Ornithologists Union
1995). It has since been considered one of the
most ‘‘at-risk’” passerines in eastern North
America. Partners in Flight (Pashley et al.
2000) ranks Bicknell’s Thrush as the top con-
servation priority among Neotropical migrants
in the Northeast, while the International Union
for the Conservation of Nature (BirdLife In-
ternational 2000) classifies the species as
“vulnerable” on its list of threatened species.
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Although there is no conclusive evidence of
widespread population declines, reports of re-
gional declines (Rompré et a. 1999, Rimmer
et al. 2001b) and local extinctions (Christie
1993, Atwood et al. 1996, Nixon 1999, Lam-
bert et al. 2001) have elevated concern for this
rare species.

Bicknell’s Thrush is a habitat specialist that
occupies a naturally fragmented breeding
range from the Catskill Mountains of New
York to the Gulf of St. Lawrence and Cape
Breton Island, Nova Scotia (Atwood et al.
1996, Rimmer et al. 20014). It is the region’s
only endemic bird species. In New York,
northern New England, and the nearby Estrie
region of Québec, Bicknell’s Thrush inhabits
montane forests dominated by balsam fir
(Abies balsamea), with lesser amounts of
spruce (Picea rubens and P. mariana), white
birch (Betula papyrifera var. cordifolia), and
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mountain ash (Sorbus americana and S de-
cora) (Atwood et al. 1996, Rimmer et al.
2001a, Connolly et a. 2002). Structural attri-
butes of Bicknell’s Thrush habitat include a
dense understory of softwoods (Sabo 1980,
Hale 2001, Pierce-Berrin 2001), low canopy
height (Sabo 1980, Noon 1981, Hale 2001),
and high incidence of snags, stumps, and dead
falen trees (Connolly 2000). These features
typify chronically disturbed sites and regen-
erating fir waves (Sprugel 1976). Favorable
habitat conditions for Bicknell’s Thrush aso
may arise following disturbance by hurricane,
ice storm, debris avalanche (Reiners and Lang
1979), or logging (Connolly 2000). Habitat
suitability generally decreases with greater
prominence of hardwoods (Sabo 1980, Noon
1981, Atwood et al. 1996, Hale 2001, Con-
nolly et al. 2002); however, in the spruce-fir
highlands of New Brunswick, Bicknell's
Thrush inhabits both young conifer stands and
regenerating hardwoods (Nixon 1996, Nixon
et al. 2001).

Bicknell’s Thrush aso occurs in maritime
spruce-fir forests at sites scattered along both
shores of the St. Lawrence Seaway (Gauthier
and Aubry 1996) and throughout the Gulf of
St. Lawrence (Nixon 1999). Locations in the
Gulf include the western tip of Anticosti Is-
land, the Magdalen Islands (Gauthier and Au-
bry 1996), Cape Breton Island and small is-
lands offshore of Cape Breton (Erskine 1992;
D. Busby pers. comm.). Historic or sporadic
records exist for several additional locations
around the Bay of Fundy (Erskine 1992,
Christie 1993).

In the northeastern United States, climate
change could greatly reduce or eliminate bal-
sam fir habitat as growing conditions become
more favorable for hardwood species (Iverson
and Prasad 2002). Over the long term, a shift
in forest composition may impair the viability
of Bicknell’s Thrush populations in the region.
Meanwhile, ski area expansion, communica-
tions tower construction, and wind power de-
velopment incrementally reduce and fragment
montane fir forests with unknown conse-
quences for Bicknell’s Thrush (Rimmer et al.
2001a). In order to conserve and properly
manage remaining Bicknell’s Thrush habitat,
natural resource managers require reliable,
site-specific occurrence information. Because
it is not feasible to survey all potential habi-

tats, a predictive habitat map is required for
effective conservation planning.

Wildlife habitat maps enable natural re-
source managers to identify suitable habitat
and predict effects of management alterna-
tives. When constructed in a geographic in-
formation systems (GIS) environment, such
maps can be produced efficiently and applied
consistently over large areas, however, the
value of a GIS habitat model depends on its
predictive capability. Therefore, model vali-
dation is a critical step in the habitat mapping
process. Validation procedures yield measures
of model performance that provide a basis for
determining appropriate applications to re-
search and management. An accurate GIS
model is a flexible tool that focuses limited
resources where they will have the greatest
effect.

In a previous study, Atwood et a. (1996)
identified forest type, latitude, and elevation
as important factors underlying the distribu-
tion of Bicknell’s Thrush in New England and
New York. The goal of our study was to con-
struct and test a predictive distribution model
that incorporates forest type and accounts for
the effect of latitude on the elevational occur-
rence of Bicknell’s Thrush.

METHODS

To investigate the effect of latitude on the
elevational occurrence of Bicknell’s Thrush,
we examined records from distribution sur-
veys of Bicknell’s Thrush conducted between
1992 and 1995. In these surveys, Atwood et
al. (1996) surveyed 443 locations across a
wide range of elevations (0 to 1,451 m) in
New York, Vermont, New Hampshire, and
Maine. We plotted the elevation and latitude
of each survey location, including those where
Bicknell’s Thrush was detected (n = 234) and
was not detected (n = 209). If multiple indi-
viduals were observed during a survey, we
plotted the lowest-elevation encounter. If no
individuals were observed during a survey
that spanned a range of elevations, we plotted
the highest point surveyed.

Next, we used the Quantreg library in R
(http://lib.stat.cmu.edu/R/CRAN) to estimate
the 0.05 quantile regression (Cade and Noon
2003) of elevation as a linear function of lat-
itude for locations where Bicknell’s Thrush
was observed. This produced an elevation
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threshold above which 95% of the detections
occurred. We then converted the linear thresh-
old into an elevation mask, formed as a raster
data set of 30 X 30 m cells in ArcMap 8.2
(Environmental Systems Research Institute
2002). Cell values were calculated with the
0.05 quantile regression equation: elevation
=-—81.63(latitude) + 4,474.9 m. Next, we laid
the elevation mask over a digital elevation
model of the northeastern United States (U.S.
Geological Survey 1999). Summits, ridge-
lines, and slopes emerged above the mask as
avast complex of high-elevation habitat units.
To identify potential Bicknell’s Thrush habitat
within these units, we mapped conifer-domi-
nated stands. For this, we used forest com-
position data from the National Land Cover
Data set, which classifies 30 X 30 m cells
based on canopy dominance (Vogelmann et al.
2001).

To test model performance, we conducted
surveys between 2000 and 2002 on 53 moun-
tains (>800 m in elevation) not surveyed by
Atwood et al. (1996). These mountains were
scattered throughout the region and were se-
lected based on availability of trails and vol-
unteer observers. On each mountain, we es-
tablished five survey stations, separated by
200 to 250 horizontal m, in areas dominated
by conifers. Routes were designed to include
the highest forested areas accessible by trail,
often the summit, as well as adjacent ridges
and slopes. Where conifer cover was limited,
we located survey stations in mixed forests.

Trained technicians and volunteers per-
formed point-count surveys under acceptable
weather conditions (no precipitation, temper-
ature >2° C, wind speed <32 km/hr) from 1
to 21 June. Surveys were conducted between
04:00 and 08:00 EDT, usually between 04:30
and 06:30. Observers listened quietly for 5
min, recording the number of Bicknell’'s
Thrushes seen or heard at each station. They
also recorded Bicknell’s Thrushes seen or
heard along the route, between survey sta-
tions. Observers who completed the route
without detecting Bicknell’s Thrush broadcast
playbacks at each station on their way back to
the starting point. Playbacks consisted of a 3-
min, standardized recording of Bicknell's
Thrush songs and call notes, followed by 2
min of silent listening. Playbacks were
stopped upon first detection of the species.

Observers who completed the playback sur-
vey without encountering Bicknell’s Thrush
conducted follow-up, playback surveys at
dusk or dawn before 15 July. This time, play-
back stations were located at 100-m intervals
along the route. If no observations of Bick-
nell’s Thrush were made during the second
visit to a given site, the species was presumed
to be absent. Observers conducted the full
sampling sequence (point counts and up to
two playback surveys, as needed) in at least
1 of the 3 years. Follow-up playbacks were
not conducted at six locations that were >80
m below the elevation mask. Atwood et al.
(1996) surveyed 95 locations below this level
without a confirmed encounter of Bicknell’s
Thrush.

Observers reported incidental encounters
with Bicknell’s Thrushes on 19 additional
mountains not previously surveyed. These ob-
servations, made during one or more breeding
seasons between 2000 and 2002, were added
to the 53 original test routes for a total of 72
independent sample locations (New York: n =
34, Vermont: n = 19, New Hampshire: n =
16, Maine: n = 3). Twenty-one of the 72 lo-
cations were within 50 vertical m of the ele-
vation mask. Also during 2000—2002, with the
same combination of systematic surveys and
incidental sightings, we recorded the presence
or presumed absence of Bicknell’s Thrush on
130 mountains first sampled by Atwood et al.
(1996) (New York: n = 30, Vermont: n = 56,
New Hampshire: n = 26, Maine: n = 18).
Nineteen of 130 resampled locations occurred
within 50 vertical m of the elevation mask.
For model assessment, we used one elevation
and one latitude value for each sample unit
(1-km survey route or site of incidental en-
counter). At locations where Bicknell’'s
Thrush was present, we calculated average el-
evation and latitude values based on all points
of encounter. Where the species was not en-
countered, we calculated averages from the
five survey stations.

We entered presence-absence data from
new and resampled locations into separate er-
ror matrices (Table 1) and calculated a variety
of accuracy measures (after Fielding and Bell
1997), including correct classification rate,
sensitivity (proportion of true positives cor-
rectly predicted), specificity (proportion of
true negatives correctly predicted), false pos-
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TABLE 1. Error matrices for new Bicknell’s Thrush survey locations and for resampled locations (first
surveyed by Atwood et a. 1996), from 2000—2002 surveys.
Matrix Observed present Observed absent
New locations Predicted present 56 10
Predicted absent 1 5
Resampled locations Predicted present 114 5
Predicted absent 1 10

itive rate, false negative rate, positive predic-
tive power, and negative predictive power. We
also calculated prevalence, the proportion of
locations at which Bicknell’s Thrush was pre-
sent. This variable affects the predictive pow-
er of species distribution models (Fielding and
Bell 1997, Manel et al. 2001). Finaly, we cal-
culated Cohen’s kappa, a statistic that mea-
sures the proportion of specific agreement af-
ter accounting for prevalence.

RESULTS

Survey results from Atwood et a. (1996)
show a strong, linear relationship between lat-
itude and the lowest elevations occupied by

1600

Bicknell’s Thrush (Fig. 1). The lower limit of
the species’ distribution, as estimated by the
0.05 quantile regression, descends 81.63 m for
every one-degree increase in latitude (B, =
—81.63, 95% Cl = —112.08 to —38.13; B, =
4,474.86, 95% Cl = 729.50 to 5,753.27). The
regression slope differed significantly from
zero (Hy: B, = 0) for this quantile (quantile
rankscore test, P < 0.001).

The elevation mask, developed in GIS from
the 0.05 quantile regression, covers areas as
high as 1,045 m in the Catskills (42° N). In
northern Maine (46.3° N), areas as low as 695
m emerge above the mask. Throughout the re-
gion, 720 distinct land units occur above the
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FIG. 1.

Elevation and latitude of locations where Bicknell’s Thrush (BITH) was detected (n = 234) and not

detected (n = 209) during 1992—1995 surveys in the northeastern United States. Line is 0.05 quantile regression
estimate of elevation as a linear function of latitude, incorporating only locations where Bicknell’s Thrush was

detected: elevation = —81.63 (latitude) + 4,474.9 m.
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FIG. 2.

Predicted distribution of Bicknell’s Thrush in the northeastern United States. Shaded areas represent

conifer forests (Vogelmann et a. 2001) above the model’s elevation mask.

mask and contain 136,250 ha of conifer-dom-
inated forest (Fig. 2), nearly al of which
(99.7%) occurs in 387 units containing at least
5 ha of conifer—an amount sufficient to con-
tain the average home range of a male Bick-
nell’s Thrush (4.5 ha; Rimmer et al. 2001a).
The average extent of conifer forest within the
387 unitsis 351.0 ha = 56.8 SE, with highest
values occurring in the White Mountains of
New Hampshire and in the High Peaks region
of New York’s Adirondack Mountains. Of all
states, New Hampshire has the most potential
Bicknell’s Thrush breeding habitat (59,024 ha;
43.4%), followed by Maine (33,662 hg;
24.7%), New York (31,985 ha; 23.5%), and
Vermont (11,580 ha; 8.5%).

The Bicknell’s Thrush distribution model
correctly classified 61 of 72 locations (84.7%)
that had never been surveyed for this species
(Fig. 3, Table 2). Fifty-six of 57 occupied lo-
cations (98.2%) were correctly classified,
compared with just 5 out of 15 (33.3%) un-
occupied locations. Locations within 50 ver-

tical m of the elevation mask accounted for
both errors of omission (false negatives) and
9 out of 10 errors of commission (false posi-
tives). The average, vertical deviation of mis-
classified locations from the elevation mask
was 28.2 m = 5.2 SE. When the 21 locations
within 50 m of the elevation mask were ex-
cluded from the analysis, 51 of 52 locations
(98.1%) were correctly classified.

The model correctly classified 124 of 130
locations (95.4%) first surveyed by Atwood et
al. (1996). Four of the six errors occurred
within 50 m of the elevation mask. When all
new (n = 72) and resampled (n = 130) sites
were combined, the model correctly classified
185 of 202 (91.6%) locations. Classification
accuracy >50 m above and below the eleva-
tion mask was 98.8%, with 160 of 162 loca-
tions correctly classified.

Prevalence of Bicknell’s Thrush was high
among new locations (0.792) and resampled
locations (0.877; Table 2). Cohen’s kappa,
which accounts for prevalence, measured
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